The canonical Wnt signaling pathway is involved in many developmental processes and is also involved in tumorigenesis. The standard assay for detecting activation or inhibition of the Wnt pathway utilizes luciferase as a reporter gene, driven by a LEF/TCF-dependent promoter (3) . Standardization of these assays is generally accomplished by measuring the activity of a co-transfected marker, such as lacZ or secreted alkaline phosphatase. While the luciferase assay is sensitive and easy to perform, because of the necessity of cell lysis and substrate addition, it is expensive and less amenable to a high-throughput system as compared to GFP. While LEF/TCF-dependent GFP reporter genes have been utilized qualitatively to study the Wnt pathway (1, 4) , this system has not been optimized for use as a quantitative assay.
The development of GFP variants cyan fluorescent protein (CFP) and yellow fluorescent protein (YFP), which contain shifted excitation and emission profiles, allows for the independent measurement of both proteins in a single cell lysate (2, 6) . This report presents a rapid, inexpensive, and simple reporter gene assay for the canonical Wnt signaling pathway, in which YFP is driven by a LEF/TCF-dependent promoter and a CMV-driven CFP acts as an internal standard for transfection efficiency.
Plasmids pECFP-C1 and pEYFP-1 were purchased from BD Biosciences Clontech (Palo Alto, CA, USA), and pSVK3 plasmid was purchased from Amersham Biosciences (Piscataway, NJ, USA). Expression plasmids used for the reporter gene assay are referenced in Strovel et al. (5) . To construct LEF-EYFP, a 400-bp fragment was isolated from the promoter region of a LEF-Luciferase reporter gene and cloned into the BamHI/ Eco RI sites of pEYFP-1.
Exponentially growing HEK 293T cells were harvested, centrifuged at 300 ×gfor 5 min, and resuspended in complete medium (DMEM containing 10% FBS). Cells were seeded at 3 × 10 5 in 35-mm cell culture plates and incubated overnight in a 37°C, 5% CO 2 incubator. Cells were transfected using TransIT ® -293 (Mirus, Madison, WI, USA) at a ratio of 6 µ L/2 µ g plasmid DNA. The typical transfection included 0.2 µ g pECFP-C1, 0.4 µ g pLEF-EYFP, 0.2 µ g pLEF (LEF expression plasmid), 0.6 µ g pWnt-1 (Wnt-1 expression plasmid), and 0.6 µ g pSVK3. For experiments testing inhibitors of Wnt signaling, the pSVK3 was replaced with 0.6 µ g inhibitor-encoding plasmid.
For each transfection, 6 µ L TransIT-293 were added to 100 µ L Opti-MEM™ (Invitrogen, Carlsbad, CA, USA), vortex mixed, and incubated for 10 min at room temperature. The plasmid sample (2 µ g total) was added to the diluted transfection reagent, mixed gently, and incubated for 10 min at room temperature. The medium on the cells was replaced with 2 mL fresh complete medium, and the transfection reagent/DNA mixture was added dropwise. The cells were incubated with the transfection reagent/DNA mixture for 20 h at 37°C in a 5% CO 2 incubator. Cells were harvested by rinsing plates twice with 2 mL PBS, aspirated, and lysed by addition of 0.3 mL 1% Triton ® X-100. Plates were incubated for 1 min at room temperature, and the lysate was pipetted up and down several times before transferring to a microcentrifuge tube on ice.
For fluorescence measurements, 100-µ L aliquots of cell lysate were distributed to wells of an all black 96-well plate (Perkin Elmer Life Sciences, Boston, MA, USA). The use of black plates is essential, as clear plates give very high background fluorescence in CFP and YFP measurements. Plates can be reused after rinsing with water and drying. Fluorescence was measured using a EG Wallac Victor 2 ™ fluorometer (Perkin Elmer Life Sciences). YFP was measured using 510-nm excitation and 560-nm emission filters. CFP was measured using 420-nm excitation and 490-nm emission filters. Fold activity was determined by comparing relative fluorescent light units (FLU), obtained by dividing the YFP value by the CFP value (the internal control for transfection efficiency).
In developing an LEF/TCF-dependent, fluorescence-based reporter gene assay, it was necessary to confirm that there was minimal overlap between signals obtained measuring YFP and CFP. To test this, HEK 293T cells were transfected with either pECFP-C1 alone or pLEF-EYFP with Wnt-and LEF-expressing plasmids. As shown in (Figure 1 ). Coexpression of Wnt1 resulted in a 9-fold stimulation of LEF-EYFP reporter gene activity, which was dependent on LEF expression. Likewise, β -catenin co-expression resulted in an 8-fold LEF-dependent increase in activity. Consistent with luciferase-based LEF-dependent reporter gene assays, the stimulation of LEF-EYFP reporter gene expression by Wnt was inhibited by co-expression of either Axin or glycogen synthase kinase-3-β(GSK-3). Similar levels of Wnt activation of LEF-EYFP reporter gene expression were observed using SuperFect ™ (Qiagen, Valencia, CA, USA) transfected COS-1 cells (data not shown). The use of a destabilized YFP (pd2EYFP-1, with a 2-h half-life) as the reporter gene did not significantly alter the results of the assay with respect to the levels of stimulation and inhibition (data not shown).
Benchmarks
The results demonstrate that the LEF/TCF-dependent, fluorescencebased assay is comparable to luciferase-based assays with respect to the levels of activation by Wnt1 and inhibition by Axin and GSK-3 (5). The advantages of the fluorescence-based assay include ease of lysate preparation, as well as the rapidity and ease of fluorescent measurement of reporter gene and internal control gene expression. In addition, unlike luciferase, the fluorescence-based assay does not require the addition of expensive substrate; thus, the cost per assay is low.
